Food safety standards have proliferated as multilateral and bilateral trade agreements constrain traditional barriers to agricultural trade. Stringent food standards can be driven by rising consumer and public concern about food safety and other social objectives, or by the lobbying efforts from domestic industries in agriculture. We investigate the economic and political determinants of the maximum residue limits (MRLs) on pesticides and veterinary drugs. Using a political economy framework and econometric investigation, we find that nations with higher income and larger population adopt stricter MRLs. We also find that countries set more stringent MRLs in their more competitive sectors. Moreover, we show that MRLs and import tariffs are policy substitutes for policy makers. Finally, we find that countries with higher regulatory quality set tougher food standards.
1
Introduction
Non-Tariff Measures (NTMs) have proliferated across countries and industries over the past two decades, as tariffs are constrained or eliminated by multilateral or bilateral trade agreements (World Trade Report, 2012) . To minimize the impact of NTMs on global trade, member countries of the World Trade Organization (WTO) passed the agreement on the Sanitary and Phyto-Sanitary (SPS) measures and the agreement on the Technical Barriers to Trade (TBT) in 1995. On the one hand, the two agreements encourage member countries to adopt sanitary, phyto-sanitary, and technical measures that are based on the consensus reached on the science underlying them. On the other hand, the two agreements acknowledge members' sovereign rights to ensure or promote food safety, animal welfare, or environmental sustainability (SPS, 1995; TBT, 1995) .
The political economy and potential protectionism of NTMs in international trade has been documented and numerous trade disputes have emerged from these frictions. Russia's arbitrary restrictions in fish products have been analyzed by Elvestad and Nilssen (2010) ; Stanton (2012) provides a review of landmark WTO dispute cases on overly restrictive food safety measures such as the ban on hormone-fed beef and restrictions on genetically modified organisms in the European Union, restrictions on salmon importation by Australia, and restriction on apples by Japan and by Australia among other cases. Pork trade in Australia has also been restricted with protectionist SPS restrictions which were finally lifted in 2004 (Beghin and Melatos, 2012) . The United States has not been immune from such restrictive SPS policies as it has been shown in the case for the avocado dispute (Lamb, 2006; Peterson and Orden, 2008) , and SPS restrictions on lemon trade (Cororaton and Peterson, 2012) . Trade frictions as documented by official SPS concerns reported to the WTO by member countries 2 originate in both developed and developing economies (Disdier and van Tongeren, 2010) .
These reported frictions are especially frequent for raw meat and fish products and fruits and vegetables. Frictions are consistent with several motives such health risk issues, different approaches to risk including precautionary restrictions and stringent policies beyond international food standards, and protectionism. These motives are difficult to sort out.
Are the NTMs more driven by protectionism or legitimate social causes such as risk mitigation in public health? What are the economic, political, and institutional determinants of NTMs? While empirical studies of the political economy of NTMs abound, few attend to disaggregated products with fine measurements of the restrictiveness of NTMs. Ray (1981) investigated the determinants of tariff and NTMs simultaneously for manufacturing industries.
The restrictiveness of NTMs was measured categorically, i.e., whether a tariff line is subject to NTMs. Also focusing on the U.S. manufacturing industries, Trefler (1993) jointly estimated the determinants of NTMs and U.S. imports of manufactured goods. The measurement of NTMs was the coverage ratio, or the average number of NTM notifications per tariff line.
Using the proportion of imports subject to NTMs as the measurement of NTM stringency, Mansfield and Busch (1995) found that NTMs were used more often in countries with high unemployment levels or appreciated currencies. Using the WTO's NTM notification database, Disdier, Fontagné, and Mimouni (2008) found that NTMs significantly reduced OECD' imports of agricultural products from non-member countries. However, the potential endogeneity of NTM notifications was left unaddressed in their analysis.
In this article, we investigate the political economy of pesticide and veterinary drug regulations. We focus on this set of policies for two reasons. First, the abuse of pesticides and antibiotics in agriculture is among the most alarming food safety issues. For example, in January 2014 the scandal involving pesticide-contaminated frozen food resulted in the resignation of the president of one of the largest agri-food companies in Japan. 1 In December 2013, the Food and Drug Administration of the United States issued new labelling guidelines to address the overuse of antibiotics in agriculture, because of its potential to increase bacterial resistance to antibiotics intended for humans. 2 Second, the regulatory policy to rein in the abuse of pesticides and veterinary drugs usually takes the form of Maximum Residue Limit (MRL), which sets the maximum admissible rate of concentration (measured in parts per million or parts per billion) for a certain substance residue in a specific product. The numerical nature of MRLs allows a direct quantitative measurement of the regulatory stringency.
We contribute to the understanding of food safety policy formation in two important ways. First, we propose a conceptual model to characterize policy makers' joint decision on tariffs and food safety standards. Our model highlights the similarities and dissimilarities between the two policy instruments and provides a baseline for empirical analysis. Second, we develop an econometric specification consistent with the model to explain the formation of MRLs affecting pesticides and veterinary drugs residues for 253 commodities and 53 countries. Our article is the first one in the political economy literature that formally investigates the determinants of food safety standards at a disaggregated product level and for a wide range of countries.
We find that nations with higher income and larger population adopt stricter MRLs.
We also find that countries set more stringent MRLs in their more competitive sectors.
Moreover, we show that MRLs and import tariffs are substituting instruments for policy 4 makers. In addition, we find that countries with higher regulatory quality set tougher food standards. Our results are useful to policy makers and trade representatives engaged in regional and multilateral trade negotiations in which the balance between an open global economy and other social objectives is of key importance.
The rest of the article is organized as follows. In Section 2 we introduce a simple political economy framework to characterize policy makers' optimal choices of tariffs and food safety standards. In Section 3 we derive an empirical specification from the conceptual model, followed by descriptions of data and discussions of regression results. We draw conclusions and policy implications in Section 4.
The political economy framework

The policy maker's problem
Unsafe food poses risk to public health and the ecosystem in general. Such social costs can be ignored by discounted by private markets, which calls for policy makers to set public food standards. However, influenced by lobbying efforts of domestic industries, policy makers may set excessive food safety standards to keep out foreign competition. Several conceptual models emerge from the literature to address the political economy of food safety standards.
Fisher and Serra (2000) show that a domestic social planner always sets these standards above the level that maximizes the global welfare. Marette and Beghin (2010) find that policy makers may also prescribe overly low food safety standards if domestic producers are at a comparative disadvantage in compliance. Swinnen and Vandemoortele (2009) argue that policy makers generally set food safety standards more stringent than other food quality standards (e.g., nutrition contents) because of the risk to public health.
The policy formation of food safety standards is inseparably from that of import tariffs. From the viewpoint of a policy maker, standards-setting and border-taxing are two instruments to strike a balance between the interest of constituents, the interest of domestic industries, and the fiscal contribution of custom duties. Although the interaction of tariff and non-tariff measures is well understood, theoretical characterizations of policy makers' joint decision-making are few. We provide a general political economy framework to underscore the similarities and dissimilarities between standards-setting and tariff-setting.
We describe the policy maker's problem in a small open economy using the political support function approach. 3 Specifically, the policy maker chooses a specific duty  and a level of food safety standard  (with larger  indicating more stringency) to maximize the Swinnen (2002) for a survey of the applications to agricultural policies. 4 For brevity, other determinants of demand (e.g., income, taste, and abundance of substitutes) are omitted from the conceptual model but included in the empirical application. 5 Alternatively, the import tariff can be modeled as an ad valorem rate. We choose the specific duty approach to simplify the characterization of the optimal tariff rate. 6 As in Fisher and Serra (2000) and Marette and Beghin (2010) , we assume that the externality is additively separable from the consumption utility. revenues are the product of the specific duty  and the quantity of imports (
The optimal choice of tariffs and food safety standard
The policy maker's joint decision on tariffs and standard stringency is characterized by the two first-order conditions resulted from the maximization of (1). Specifically, the first-order condition governing the optimal tariff is
where i EC is the partial derivative of the external cost function with respect to its i-th argument. 7 Intuitively, equation (2) states that a higher tariff rate has three effects. First, it reduces constituents' consumption utility ( 0 CS  ) but mitigates the negative externality ( 2 0 EC  and 0 D  ). Second, a higher duty rate benefits domestic producers by shielding them from foreign competition. Third, a higher tariff rate raises the per-unit revenue but reduces the tax base at customs. At the political economy optimum, the tariff is set at a level where these marginal benefits and costs cancel out.
The optimal level of standard stringency is governed by the following first-order condition:
(3)
Note that we use the envelope theorem
PS is the partial derivative of domestic producer surplus with respect to the cost parameter, d i S is the partial derivative of the domestic supply with respect to its i-th argument.
Intuitively, equation (3) says that a more stringent food safety standard reduces the consumption utility ( 0 CS  ) but mitigates the external cost because quantity consumed falls ( 2 0 EC  and 0 D  ) and the risk per unit of consumption is abated ( 1 0 EC  ).
On the supply side, tougher food safety standards raise the costs faced by both foreign competitors ( 0 wp  ) and domestic industries ( 2 0 d PS  , 0 c  ). Therefore, the net effect on the domestic producer surplus is ambiguous, hinging on whether domestic industries have comparative advantages in compliance with the standard. Finally, more a stringent food safety standard can affect the quantity of import in either direction. The key determinant is also the comparative advantage of domestic industries over foreign competitors in compliance.
The political economy optimal tariffs and food safety standard are implicitly defined by the system of equations (2) and (3). It is worth noting that the two equations have several components in common. 8 In fact, all shared elements involve the impacts of price changes.
The marginal effect of a specific duty directly translates into the marginal effect of the market price. Equation (2) says that the optimal political economy tariff is set such that the marginal impact of a price change on the political economy is null. Consequently, we simplify the characterization of the political economy optimal standard by substituting (2) 
The political economy optimal level of the food safety standard, *  , is implicitly defined by equation (4), that is, (5) states that the political economy optimal standard is determined by the political weights and influence, risk mitigation per unit of consumption, production and compliance costs for domestic industries, current tariff rate, current import volume, and the compliance cost for foreign producers. Therefore, equation (5) provides a guideline for empirical investigations, which we pursue next.
The empirical application to MRLs
In this section we investigate the economic, political, and institutional determinants of the MRLs on insecticides and antibiotic drugs. First, we specify a regression equation based on equation (5) in the previous section. Second, we describe the MRL data and the explanatory variables. Third, we present the econometric results and discuss the policy implications.
Finally, we check the sensitivity of the results with respect to commodity groups and omitted national characteristics.
The empirical approach
The model specification
To implement equation (5) Since our empirical application involves multiple products, we normalize the supplyside factors in equation (5) by the supply conditions in the rest of the world. In particular, we use the comparative advantages of domestic industries to control for the competitiveness.
Furthermore, we include import penetration rate to measure the each sector's dependency on the global market. Therefore, we propose the following specification based on equation (5):
where j and k are country and product indices, and  s are parameters to be estimated. Note that the product-specific intercept controls for product characteristics such as risk per unit of consumption. The determinants of the standard in equation (6) 
The estimation procedure
Because policy makers decide on the import duties and standards simultaneously, the tariff rate in (6) is subject to endogeneity. We use the instrumental approach to address the problem.
In particular, we take advantage of the fact that the applied tariff rates in each country cannot be higher than the bound duty rates in the trade agreements to which the country has committed. The bound duty rates result from past multilateral trade agreements and therefore exogenous to the policy-making processes in individual countries. Consequently, we can estimate equation (6) using the 2-stage least square procedure, with the bound duty rates as instrumental variables for applied tariff rates. 9
The data
The measurement of MRL stringency
The global MRL database, available from the Foreign Agricultural Service (FAS), United
States Department of Agriculture (USDA), contains the currently effective MRLs on pesticides and veterinary drugs across a wide range of products and countries (USDA-FAS).
Each MRL addresses a specific substance (i.e., pesticide or drug type) in a specific commodity in a specific country (including Codex in the set of countries). Using these MRLs as of April 2012, Li and Beghin (2014) constructed the following MRL stringency index at the country and product level: is the MRL recommended by Codex for the same product and substance combination; and () k N is the number of substances applicable to product k .
Intuitively, equation (7) states at the MRL stringency towards a certain product in a certain country is an average stringency over MRLs targeting all relevant substances used in producing the product and with each individual MRL referenced to its Codex counterpart in percent deviation from Codex. The MRL stringency score has three practical merits. 10 First, the reference to the Codex MRLs accommodates the scientific fact that some pesticides or veterinary drugs pose greater risks than others. Second, the measurement of the MRL stringency increases in individual MRLs. In particular, unity serves as a useful benchmark for equation (7): a score above (or below) one indicates that the MRL regulation is more (or less) restrictive than Codex. Third, the exponential transformation expresses the convexity of the cost of complying with stringency much beyond the Codex recommendations, which could become very steep. This is consistent with the fact the SPS and TBT agreements encourage WTO member countries to harmonize MRLs towards the Codex levels to avoid such cost.
We use the MRL stringency scores from Li and Beghin (2014) for 253 products in 53 countries as the measurement of food safety standards. 11 Our country coverage is broader that most of the previous studies (e.g., Anderson, Rausser, and Swinnen, 2013; Swinnen, Olper, and Vandemoortele, 2012) . In particular, we include many less and least developed nations that are absent in the previous studies. 12 The products under investigation are also more disaggregated (at either 4 or 6 digit level in the Harmonized System classification) than in the recent literature. 13 As of 2013, the products and countries of interest account for more than 90% of the world agricultural trade. We use Figure 1 to illustrate the cross-region discrepancy in MRL policies. In particular, we find that advanced economies tend to adopt MRLs that are more stringent than the Codex recommendations, while developing countries often use less restrictive policies. Stringency in the EU block in particular stands out. In NAFTA, Canada has kept more stringent MRLs than the US, and Mexico has aligned its MRL on the US.
[Insert Figure 1 here]
The determinants of MRLs
12
All determinants of MRLs are measured as of 2011unless noted otherwise. The elasticity of demand for a product hinges on the number of substituting goods. We use the number of commodities within the same tariff line to approximate the responsiveness of demand to price changes. 14 To control for the market size, we use per-capita income data and population estimates from the World Bank Indicators. In particular, we measure the per-capita income on the basis of purchasing power parity in order to adjust for price differences across countries.
To measure the competitiveness of a given industry in a given country, we obtain the Revealed Comparative Advantage (RCA) using data from the COMTRADE database of the United Nations. Specifically, the RCA is computed as the export share of the product in the country's total export, divided by the export share of the same product in the total exports of the rest of the world (Balassa, 1965) . We also use the effectively applied tariff rates and bounded tariff rates from the TRAINS database.
We now consider several macroeconomic, political, and institutional factors that potentially affect the formation of MRLs. A country's macroeconomic policy impacts the competitiveness of its agricultural sector through influencing the terms of trade. We use the real exchange rate from Heston et al. (2009) to control for the effect of macroeconomic policies.
We also consider two political factors in the standards-setting process. First, the effectiveness of lobbying efforts from industry groups hinges on the political spectrum within the legislative branch of government. A more diverse body of law makers makes lobbying more costly but also makes policy reforms less likely. To control for the differences in Second, political stability affects policy makers' perspective on short-term versus long-term objectives. A more stable regime makes systemic reforms of public policies more likely. We measure political stability by the number of years a country is in an autocratic or democratic status, available from the Database of Political Institutions 2010 of the World Bank.
Finally, we consider two institutional factors that vary significantly across countries.
First, the implementation cost of food safety standards is much higher than that of traditional trade barriers. Therefore, governments with poorer regulatory quality are less likely to resort to food safety standards. We use the regulatory quality index from the World Bank as a measurement of the efficiency of government. Second, socio-demographics in rural areas plays an important role in farm-related policies and possibly permeates the formation of food safety standards. We use the ratio of farm employment over farm land from the World Bank as the measurement in our empirical investigation.
The benchmark results
We present the results from the 2-stage least square procedure in Table 1 . We discuss the formation of MRLs first. We find that applied import tariffs and MRLs are policy substitutes for policy makers. This result suggests that policy makers adopt stringent MRLs to shield domestic industries from international competition as import duties are constrained and reduced by various trade agreements. The response of the MRL to the tariff is strong (an elasticity of -5.45 at the mean of the dataset). This is the strongest response of the MRL to variation in its political economy determinants. Next, we find that countries with higher per-capita income adopt more stringent
MRLs. This is because the public's awareness of food safety, animal welfare, and environmental sustainability tends to rise with the income level. The income elasticity of the MRL is 0.10 at the mean of the dataset. The result suggests that the policy formation of MRLs is partly driven by legitimate social objectives. We also find that more populous nations tend to implement more stringent MRLs. The elasticity is not as large as for income, at 0.06. This population response suggests that public health has more at stake in a nation with more residents; food demand is larger and the potential externality is larger as well.
Furthermore, countries with weaker currencies use less restrictive MRLs, but this result is barely statistically significant and the elasticity is very small and is dwarfed by other determinants. In addition, we find that countries adopt more stringent MRLs in sectors where the demands for the products are more sensitive to price changes but this effect is moderate, with an elasticity of 0.01 at the mean. This result can be rationalized with compliance costs of MRLs being passed on to consumers to a lesser degree in a market where the demand is more elastic. Finally we find that countries committed to more regional trade agreements use less stringent MRLs. This finding indicates the effectiveness of regional trade agreements in bringing moderation in setting food safety and other NTMs. This effect is quite strong with an elasticity of -1.15.
Next which can be done in more competitive legislative regimes (the other 3 categories). There is a slight inverted U shape effect as regimes 3 and 4 are characterized by slightly higher MRL scores than the most competitive legislative regime subsumed in the intercept. A similar finding on farm income support was reported by Beghin and Kherallah (1994) .
Next, we discuss the results from the tariff equation, or the first-stage estimation in In terms of the tariff determinants, we find that bound tariff rates act as strong binding constraint on the applied duty rates. Regarding the economic determinants of applied tariffs, richer and less populous countries protect domestic agricultural markets to a larger degree. This is possibly because agricultural industries in those countries are better organized and execute more lobbying efforts. We also find that nations with weaker currencies impose higher tariffs. Moreover, we find that heavier duties are imposed on sectors where the demands for the products are more sensitive to price changes. The reason is that border duties are less reflected in market prices in those sectors. Unexpectedly, applied tariff rates are higher in countries that are engaged in more regional trade agreements, other things being equal. However, as we have seen above, countries committed to more regional trade pacts adopt less restrictive MRLs and also have presumably lower bound tariffs through their RTA commitments. The result here captures the small "anti-liberalization" effect through applied tariff but conditioned on bound tariffs commitments and moderation in MRLs.
Regarding political and institutional determinants of import tariffs, we find that the comparative advantage at the product level has negligible impacts on the tariff rate. One possible reason is that different growing and marketing seasons of fresh plant products attenuate the competition between domestic and foreign industries in agriculture. For possibly similar reasons, we find that countries more dependent on agricultural imports tend to levy lower tariffs. We also find that import duties are lower in countries with higher political stability and better regulatory quality. One possible reason is that market liberalization is more likely to happen in those regimes. Furthermore, we find that countries with higher agricultural labor-to-land ratio impose higher import duties. This is possibly because protectionism in agriculture is more essential to social stability when more farmers tend to be small-scaled and unproductive due to the lack of capital or technological resources. Finally, we find that the degree of competition within the legislative branch of the government does not affect the degree of tariff liberalization monotonically.
The sensitivity analysis
In this subsection we provide two robustness checks for our empirical results and investigate the formation of MRLs in more detail.
The difference between pesticides and antibiotics regulations
In the first sensitivity analysis, we distinguish the MRLs on veterinary drugs applied to animal products from those on pesticides applied to plant products. The two types of MRLs address two kinds of social hazards: regulations on veterinary drugs mitigate the risks directly posed to animals and indirectly posed to human health in the long run; regulations on pesticides address the sanitary risks of human consumption of plant products. To discern the two policy objectives, we re-estimate equation (6) with the sub-sample consisting of MRLs regulating veterinary drugs only. The sub-sample contains 941 observations, or 8% of all observations. 15
We report the associated results in Table 2 . Results using the much larger subset of products with pesticides MRLs only are nearly identical to those shown in Table 1 and are not reproduced here. As shown in Table 2 , we find that impact of the applied tariffs on MRLs has become not statistically significant at the 5% confidence level and that the sign of the impact has changed. This finding suggests that the MRLs on antibiotics are less driven by protectionism than those on pesticides. We also find that the income effect is less pronounced than in Table   1 , which indicates that sanitary risks are more of a concern than sanitary risks in high-income
countries. Other results are qualitatively similar to the benchmark findings.
Accounting for unobservable national characteristics
In the second robustness check, we address the potential biases due to the omission of unobservable country-level characteristics. Some economic, political, or institutional factors are unmeasurable but possibly contribute to the political design of tariffs and MRLs. To 20 address this concern, we conduct an augmented 2SLS regression in which we include the countries' fixed effects in both stages. As a practical matter, the presence of country-specific fixed effects makes the income, population, and other country-level explanatory variables redundant. That is, we rely solely on the cross-product variations to identify the empirical model. We report the associated results in Table 3 . Note: Bound tariff rate is used as the instrumental variable for the applied tariff rate. Products' and countries' dummy variables are included in both stages of the estimation. The first-stage estimation is omitted for brevity.
As shown in Table 3 , we are able to identify the impacts of three determinants that vary across products. First, we reinforce our benchmark result that tariffs and MRLs are used by policy makers as substituting policy instruments. Second, we re-affirm that more stringent MRLs are adopted in products for which consumers' demands are more sensitive to price changes. Third, we find weak evidence that countries impose less restrictive MRLs in their more competitive sectors.
Conclusions
The political economy and determination of food safety standards are of great importance as trade integration and globalization deepen on one hand and the public's demand for social objectives rises on the other. We contribute to the understanding of the policy formation of food safety standards in two ways. First, we provide a conceptual framework to characterize policy maker's joint decision on import duties and food safety standards, which address the negative externality of food consumption. The proposed conceptual model provides a guideline for empirical investigations of food safety standards, or non-tariff measures in 21 general. Second, in a case study of MRLs on pesticides and veterinary drugs regulating food in a large set of countries, we illustrate the roles of economic, political, and institutional factors in the formation of food safety standards. In particular, we find that nations with higher income and larger population adopt stricter food safety standards. We also find that countries set more stringent MRLs in their more competitive sectors. Moreover, we document that policy makers use MRLs and tariffs as substitute policy instruments and that the substitution is high.
Future research in the political economy of food safety standards can be pursued along several dimensions. First, panel data with time variation in the MRLs would allow better quantification of the economic, political, and institutional determinants. Second, interdisciplinary collaboration is needed to gauge the size the social benefits of tightening food safety standards. Third, private food standards used by private food processors and retailers often exceed their public counterparts and the relationship between the determination of public and private food standards is worth exploring.
Figure 1. Maximum Residue Limit stringency scores across countries and regions
Note: European Union represents all 28 member countries.
